Abstract. In this paper, the concepts of bounded and continuous n-linear operators in n-normed space are discussed. The notions of n-bounded and n-continuous linear operators are then introduced as an extension. This is a generalization of the concepts introduced in [9] and [3] . In addition, the properties of the corresponding spaces of operators are studied to obtain results analogous to the case of normed space. Finally, a sufficient condition for each corresponding space of operators to be a Banach space is given.
Introduction and Preliminaries
Let X be a real vector space with dim(X) ≥ n, where n is a positive integer. We allow dim(X) to be infinite. A real-valued function ∥·, . . . , ·∥ : X n → R is called an n-norm on X n if the following conditions hold:
(1) ∥x 1 , . . . , x n ∥ = 0 if and only if x 1 , . . . , x n are linearly dependent; (2) ∥x 1 , . . . , x n ∥ is invariant under permutations of x 1 , . . . , x n ;
Continuous, Bounded n-Linear Operator
Throughout this section, let (X, ∥·, . . . , ·∥) be an n-normed space and (Y, ∥·∥) be a normed space. Following is an extension of the notion of bounded n-linear functional in n-normed space introduced in [9] . Definition 2.1. An operator T : X n → Y is an n-linear operator on X if T is linear in each of the variable. An n-linear operator is bounded if there is a constant k such that for all (x 1 , . . . , x n ) ∈ X n , ∥T (x 1 , . . . , x n )∥ (2.3)
Note that when n = 1, the above reduces to the usual notion of bounded operator in normed space. Below is an example of such operator given in [9] .
Example 2.2. Let X = R
n equipped with the Euclidean n-norm. Given the standard basis {e 1 , . . . , e n }, define F : X → R by F (x 1 , . . . , x n ) = det [ 
Proof. Suppose (2.4) holds. Take (y 1 , . . . , y n ) = (0, . . . , 0), then the result follows. Conversely if T is bounded, then using n-linearity and triangle inequality,
as required.
Observe that if T is a bounded n-linear operator, and x 1 , . . . , x n are linearly dependent, then T (x 1 , . . . , x n ) = 0.
The following gives equivalent formulae for ∥T ∥.
Proposition 2.4. Let T be a bounded n-linear operator. Then
The proof of the above is almost identical to that in [9] . The proof of (2.7) is similar and is immediate from Proposition 2.3 
The above definition is an extension of that given by White in [12] for 2-normed space. Note that when n = 1, the above reduces to the usual notion of continuity in the normed space.
Next, we will relate the notion of boundedness and continuity.
Theorem 2.6. Let T : X n → Y be an n-linear operator. The following statements are equivalent:
Since T is bounded, by Proposition 2.3,
Let ε > 0 be given. Take δ = ε 1+n∥T ∥ . If each of the the term in the brackets on the right-hand side of (2.8) is less than δ, then ∥T (
Next, we will study the corresponding space of operators. Let B(X n , Y ) denotes the space of all bounded n-linear operators from X n into Y .
Theorem 2.7. (B(X n , Y ), ∥ · ∥) is a normed space with norm given by (2.2).
Proof. We need to show that ∥ · ∥ defined in (2.2) is a norm.
It is clear from the definition of ∥ · ∥ that ∥αT ∥ = |α|∥T ∥. Also,
. . , x n are linearly dependent, hence T (x 1 , . . . , x n ) = 0 by the observation following Proposition 2.3. Hence T ≡ 0. Therefore, ∥ · ∥ is a norm.
Finally, we have the following theorem which gives a sufficient condition for (B(X n , Y ), ∥ · ∥) to be a Banach space.
Therefore, for k, m > N , we have
Using (2.9), since {T k } is Cauchy and Y is a Banach space, we may define
Using (2.10) and (2.11), for all k > M ,
It is easy to check that T ∈ B(X n , Y ), hence the statement is proven.
n-Continuous, n-Bounded Linear Operator
We will now generalize the concept of bounded operator by introducing the notion of n-bounded operator.
Throughout this section, let (X, ∥ · ∥) be a normed space and (X, ∥·, . . . , ·∥) be an n-normed space.
Again note that when n = 1, the above definition reduces to the usual concept of bounded operator. We will give some examples of such operator. 
Proof. Let M = {right-hand side of (3. .3)}. Then we have
Hence it follows that N ≤ M . Moreover, writing M as
we see that M ≤ N as the set over which the supremum is taken is bigger for N .
We will now develop properties of n-bounded operator similar to that in previous section. To do so, we introduce the concept of n-continuity.
Note that when n = 1, the above notion reduces to the usual continuity in normed space. 
Hence T is n-continuous. Now we will study the corresponding space of operators. Let B n (X, X) denotes the space of all n-bounded linear operators from (X, ∥ · ∥) to (X, ∥·, . . . , ·∥).
Theorem 3.7. (B n (X, X), ∥ · ∥ n ) is a normed space with norm given by (3.1).
Proof. It is easier to check using the formula in (3.3) that ∥ · ∥ n satisfies ∥αT ∥ n = |α|∥T ∥ n and
In the following, we need the concept of n-Banach space. A treatment of 2-Banach space can be found in [12] . The notion of n-Banach space and related concepts such as Cauchy sequence and convergence as given below are discussed briefly in [7] . 
for all x 1 , . . . , x n ∈ X. Using (3.6) and (3.7) and triangle inequality for n-norm, for all k > M and
It is easy to check that T ∈ B n (X, X), hence the statement is proven.
Other Notions of n-Continuous, n-Bounded Operator
There is another notion of continuity in n-normed spaces other than those introduced in the previous sections. In [3] , Chu et al. introduced the notion of 2-continuous mapping to study the Aleksandrov problem in 2-normed space. Motivated by this paper, we will generalize this concept.
Let (X, ∥·, . . . , ·∥) and (Y, ∥·, . . . , ·∥) be n-normed spaces.
Below are some examples of such operator. , g)(t) for f, g ∈ X, where W (f, g) is the Wronskian of f and g. Let T : X → X be defined by T (x) = y, where y(t) = tx(t). Then ∥T (f ), T (g)∥ ≤ ∥f, g∥ for all f, g ∈ X, and so T is 2-bounded. Definition 4.4. Let T : X → Y be an operator. T is n-continuous of type-I at x ∈ X if for all ε > 0, there is a δ > 0 such that
T is n-continuous of type-I (on X) if it is n-continuous of type-I at each x ∈ X.
When n = 1, the above reduces to the usual notion of continuity in normed space. When n = 2, it reduces to the notion of 2-continuity introduced by Chu et al. in [3] . 
The proof is similar to the corresponding part in Theorem 3.6.
We have shown that our notions of n-bounded of type-I and n-continuous of type-I are equivalent. However, as our natural definition of [·] arising from the above is not a norm, we could not have the analogue of Theorem 2.8 here.
Motivated by the definitions introduced in the previous section, we will modify the definitions slightly. Subsequently, let (X, ∥·, . . . , ·∥) be an n-normed space. 
If T is an n-bounded of type-II operator, define ||| T ||| n by
Below is an example of such operator.
Example 4.7. Let T : X → X be a dilation, i.e. T (x) = cx for all x ∈ X, where c ∈ R. Then T is n-bounded of type-II.
Definition 4.8. Let T : X → X be an operator. T is n-continuous of type-II at x ∈ X if for all ε > 0, there is a δ > 0 such that We can now study the corresponding space of operators. Let B n n (X, X) denotes the space of all n-bounded of type-II linear operators from X to X. Proof. The proof is similar to Theorem 3.11
Remark 4.12. It appears that the type-I definition is somewhat more natural and allows us to get a larger class of operator satisfying such conditions. On the other hand, the type-II definition seems restrictive but allows us to get an analogue of Theorem 2.8. Better definition which achieves these two remains to be seen.
Remark 4.13. Yet another way to resolve this in some special cases is by realizing the n-normed space as a normed space via the method described in [7] . In particular for finite-dimensional case, the convergence and completeness in n-norm is equivalent to that in the derived norm, and our results in section 3 can be used.
